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Abstract 
Submerged ceramic membrane bioreactors (SCMBRs) are 
more efficient combinations of traditional activated hazardous 
sludge and new membrane separation processes in wastewa-
ter treatment. Suspended solids are separated from hazard-
ous effluent using microfilter ceramic membranes in SCM-
BRs. A high loaded wastewater was treated using an SCMBR 
employing a homemade tubular ceramic membrane in labora-
tory scale. Hydraulic Retention Time (HRT) was 32 h and COD 
range was varied from 2000 to 5000 mg/l. COD removal was 
evaluated to be more than 90% after a week and the lab scale 
SCMBR showed desired performance for the wastewater treat-
ment. Mixed Liquor Suspended Solid (MLSS) was increased 
from 2000 to 4000 mg/L during the SCMBR operation time.
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1 Introduction
Wastewater management and development of new processes 
to treat different wastewaters have found considerable atten-
tions to save the environment and supply growing requests on 
water [1-4]. Membrane separation processes have come to rep-
resent key technologies when closing water loop systems and 
recycling materials are employed in manufacturing processes 
[5-7]. Thus, membrane technology has established itself and 
proven its effectiveness as a cost-effective and ecological alter-
native to other separation methods [8, 9] such as gas separation 
[10-13], pervaporation [14, 15], evaporation, adsorption and 
absorption, chemical separation or distillation [16-18]. High 
purification potential of membrane separation processes makes 
it possible to meet the requirements applicable to advanced 
wastewater treatment for protection of water and groundwa-
ter resources [19-21]. Membrane pressure driven processes 
are subdivided into microfiltration (MF), ultrafiltration (UF), 
nanofiltration (NF), forward osmosis (FO), and reverse osmo-
sis (RO) according to size or molecular mass of the separa-
ble substances [22]. Combination of UF or MF with activated 
sludge called membrane bioreactor (MBR) for wastewater 
treatment is an effective process which can be used for munic-
ipal and industrial wastewaters [23-25]. Ceramic microporous 
membranes have been used for this propose because of their 
advantages like good chemical stability, favorable mechani-
cal strength, stability at high temperatures, good antimicrobial 
ability, and high separation efficiency [26]. These membranes 
could be made from alumina, mullite, cordierite, silica, spinel, 
zirconia and other refractory oxides. Ceramic membrane bio-
reactors have been used for wastewater treatment in the food 
industry, purification of alkaline cleaning solutions in the dairy 
industry, and clarification and purification of drinking water 
[27-30]. These purification and/or treatment result in reusing 
wastewaters and/or extending usage period before discharging 
them and hence saving the environment, energy, water, and 
chemicals [31]. As ceramic MBRs can remove bacteria and 
clarify water in a single step process, it is possible to reduce 
appreciably the classic sequences of water/wastewater treat-
ment processes. More applications of industrial wastewater 
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treatment were also reported [32-34]. Many parameters affect-
ing the MBR performance like solid retention time (SRT), 
the behavior of the accumulated Soluble Microbial Product 
(SMP), aeration (nutrition and membrane fouling reduction), 
were studied by other researchers. The aim of this research was 
to characterize an SCMBR in terms of COD reduction at high 
organic loading rate and variable biomass concentration.
2 Materials and methods
2.1 Membrane preparation
Mullite microfilters were prepared from micronized kaolin 
clay, dedicated by Iran China Clay Industries Company with 
composition reported in Table 1. Kaolin clay was suspended 
in distilled water using Stuart stirrer (SS20) and the suspen-
sion was filtered using a 270 mesh sieve (Damavand test sieves 
Ltd., particle size < 53 μm). The suspension was then allowed 
to be settled inside its container and the upper clear water 
was removed periodically. Finally, a homogeneous mud was 
obtained and tubularly extrudates were extruded. For uniform 
drying and avoiding mechanical stress when tubes were dried, 
the wet extrudates were placed inside an oven at 100 °C for a 
few hours. After that, the dried extrudates were placed inside 
a furnace (Zohouri Furnace Industries) to be sintered with a 
heating rate of 2 °C/min at 1225 °C for 3 h. Finally, ceramic 
tubular membranes of 9 mm ID, 14 mm OD and 25 cm length 
were obtained. The sintered membranes were characterized 
with XRD and mercury porosimetry, as shown in Figs. 1 and 2.
Free silica was removed from the sintered membranes by 
leaching with 20 wt.% aqueous caustic soda solution at 80 °C 
for 5 h. Removal of the free silica results formation of in micro-
porous tubular ceramic membranes with high porosity. After 
washing with the aqueous caustic soda solution, membranes 
were washed with distilled water for 12 h at 80 °C in order to 
remove the caustic soda. 
2.2 SCMBR set up
A schematic diagram of a laboratory scale experimental 
system is shown in Fig. 3. The set up consisted of aerated bio-
reactor with working volume of 10 L and a dispensing pump 
transferring feed from the feed tank to the aerated bioreac-
tor. Three ceramic microfilters (ID = 9 mm, OD = 14 mm, 
Length = 25 cm) were connected to a collector where a plastic 
tube connected the collector to the permeate tank. The per-
meate tank was vacuumed employing a vacuum pump (BCV 
vacuum pumps, P 2-S). Vacuum pressure was indicated using 
an analog pressure gauge. A pH meter (Lab-215, palintest Inc.) 
and a dissolved oxygen (DO) probe (HACH, Germany) were 
also installed in the SCMBR to monitor pH and DO online. 
SCMBR operation temperature and steady-state continu-
ous flow rate were held at 32 °C and 3 mL/min (resulting in 
hydraulic retention time (HRT) of 32 h), respectively. Other 
operational parameters are given in Table 2.
Table 1 Kaolin (named SZWNL1) composition as reported by 
the manufacturer, Iran China Clay Industries Company
Component Name Weight Percent (%)
SiO2 63.63
Al2O3 24.05
Fe2O3 0.65
TiO2 0.04
CaO 1.40
MgO 0.50
Na2O 0.30
K2O 0.20
L.O.I 9.22
Fig. 1 XRD pattern of the sintered membrane at 1225 °C for 3 h, major 
phases are Mullite (Al6Si2O13), Cristobalite (SiO2) and Quartz (SiO2), minor 
phase is Calcite (CaCO3).
Fig. 2 Pore radius distribution of the sintered membrane at 1225 °C.
Table 2 SCMBR operational parameters
Properties Value
HRT (h) 32
SRT (day) ∞
DO (mg/L) 4-5
Air flowrate (L/min) 4
Temperature (°C) 32±1
pH 7±0.5
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2.3 Synthetic influent
Activated sludge used was supplied from Tehran refinery 
with initial Mixed MLSS of 2000 mg/L. The SCMBR was 
operated for 25 days while the activated sludge was fed with 
glucose continuously to reach MLSS to more than 4000 mg/L. 
Under aeration condition, DO was kept around 4-5 mg/L. 
Glucose, (NH4)2SO4, and KH2PO4 were used as source of car-
bon, nitrogen and phosphorous respectively, making COD:N:P 
to be 100:5:1. COD of the feed was changed in the range of 
2000-5000 mg/L. Table 3 shows the synthetic wastewater com-
ponents. The range of COD was selected based on some inves-
tigated industrial wastewaters with COD concentrations more 
than 2000 mg/L. These high COD loadings have high risks of 
discharging to the environment and should be treated before 
discharging. Landfill and dairy wastewaters are high COD 
loading wastewaters. As a result, the synthetic wastewater was 
selected with a composition close to these industries.
Table 3 Constituents of the synthetic wastewater
Compounds Values (mg/l)
Glucose (C6H12O6) 2000-5000
Ammonium sulfate ((NH4)3SO4) 100-250 
Potassium phosphate (KH2PO4) 20-50
Calcium chloride (CaCl2 ·2H2O) 2.45-6.1
Magnesium sulfate (MgSO4 ·7H2O) 33-82.5
Manganese chloride (MnCl2 ·4H2O) 1.85-4.5
Zinc sulfate (ZnSO4 ·7H2O) 2.8-6.5
Ferric chloride anhydrous (FeCl3) 8.6-20
Cupric sulfate (CuSO4 ·5H2O) 3-6
Cobalt chloride (CoCl2 ·6H2O) 3-7
Sodium molybdate dehydrate (Na2MoO4 ·2H2O) 8-20
Yeast extract 300
2.4 Analytical methods
COD and MLSS were measured according to the procedures 
described in Standard Methods. COD was measured by spec-
trometry (Palintest, England). For measuring MLSS, three sam-
ples were taken each time and the average value was reported.
3 Results and discussion
3.1 Flux decline phenomenon
Fig. 4 shows flux decline of the ceramic membranes under 
constant vacuum pressure during 2 h. As observed, increasing 
transmembrane pressure (TMP) leads to higher membrane flux 
due to higher driving force, however, increasing TMP results 
in sharper initial flux decline due to the more membrane pore 
blockage and the membranes surface fouling. As observed, the 
membrane flux decline can be divided into two stages, a sharp 
decay stage and a pseudo-steady state stage. As observed, for 
a TMP of 0.2 bar, initial sharp decay is not the case indicating 
there is no serious membrane pore blockage and membrane 
surface fouling can be removed by means of aeration. In the case 
of other studied TMPs, at the early period of filtration, the flux 
reduces sharply due to the rapid membrane pore blockage and the 
significant biomass and dust deposition. In these cases, aeration is 
not sufficient to keep the flux constant and flux decline occurs due 
to surface fouling and pore blockage. Flux decline rates of fluxes, 
become much slower after 20 min. In fact, the fluxes approach to 
their pseudo-steady stage values. Steady state flux of the SCMBR 
at 32 °C and with MLSS of 2500 mg/L was compared with that 
of distilled water at different TMPs, as shown in Fig. 5. It can be 
seen that by increasing TMP from 0.2 to 0.4 bar, distilled water 
flux changes from 6 to 12 L/m2h, while steady state flux of the 
SCMBR varies in the range of 4 to 5 L/m2h showing the fact 
that pore blockage in the SCMBR reduces the flux and increasing 
Fig. 3 A schematic drawing of the SCMBR. 1: feed tank, 2: feed pump, 3: ceramic membrane module, 4: air diffuser, 5: air pump, 6: vacuum pump,  
7: permeate tank, 8: pressure indicator, 9: air flow meter, and 10: valve.
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TMP cannot recover it totally. Generally, it can be mentioned that 
permeation flux of submerged membranes which is lower than 
30 l/m2h [35, 36] is lower than that of external membranes in a 
cross-flow mode which is upper than 30 l/m2h [37, 38].
3.2 Steady state flux and MLSS growth during 
SCMBR operation
The SCMBR was operated without any chemical cleaning 
during the experimental period. As mentioned above, steady 
state flux of the ceramic membranes was kept constant at 
4 - 5 L/m2h by means of TMP adjustment resulting in HRT of 
32 h during the experiment. Unlike the adjusted flux, the mem-
brane permeability was reduced because of the membrane 
pore blocking caused in the operation period. Increasing TMP 
in order to keep the flux constant, results in more the mem-
brane surface fouling and the membrane pore blockage and 
this causes the membrane permeability to decrease within the 
experimental period. The flux and permeability of the SCMBR 
is shown in Fig. 6. Due to the feed loading in the range of 0.4-1 
(kg COD/kg MLSS. day), MLSS was increased from 2000 to 
4000 mg/L. MLSS growth in the SCMBR during the experi-
mental period is shown in Fig. 7.
Fig. 6 Steady state flux and permeability of the ceramic membranes  
during the SCMBR operational period.
Fig. 7 MLSS growth during the SCMBR operation.
3.3 COD removal
Organic removal in the SCMBR was very high and stable 
during the operational period. The effluent COD of the SCMBR 
was varied in the range of 0-250 mg/L, and the average value 
is around 100 mg/L. The influent and effluent COD values 
illustrated in Fig. 8. The influent COD fluctuated from 2000 to 
5000 mg/L; however, the effluent COD was maintained at a 
low and steady level. Taking 25 days of the experiment, an 
averaged COD removal efficiency of 95% was achieved after 
4 days. After that, the effluent COD was not influenced by the 
influent COD variation.
4 Conclusions
Application of homemade ceramic microfilters in an SCMBR 
was investigated. The results showed that no significant flux 
decline is observed at low TMP, however increasing TMP results 
in significant reduction of the membrane permeability. The results 
also showed that the ceramic membranes have high potential for 
separation of treated water from activated sludge in the SCMBR. 
The designed SCMBR exhibited 95% COD removal during 
4 days, while MLSS was increased from 2000 to 4000 mg/L. 
Fig. 4 Permeation flux decline of the ceramic membranes  
(MLSS of 2500 mg/l at 32 °C).
Fig. 5 Effect of TMP on steady-state flux (MLSzS of 2500 mg/l at 32 °C)  
and distilled water flux.
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The SCMBR was found to perform desired properties of signifi-
cant COD removal with high permeation flux.
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